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ABSTRACT 


On  tha  pramiae  that  fundaaantal  concapta  and  uaaa  of 
fflicrocomputara  can  ba  batter  taught  In  a  handa-on 
environaant,  the  Adminiatrativa  Science  Department 
Inatructlonal  Laboratory  waa  aatabllahad.  IS  2100,  an 
Information  Syatama  Laboratory  uaaa  thaaa  facllltlaa  to 
reinforce  material  taught  in  the  firat  two  quartera  of  the 
Computer  Syatem  Management  Curriculum.  Ita  purpoae  and 
objective  ia  to  develop  computer  literacy  and  Introduce  the 
atudent  to  microcomputera  and  the  facilitiea  of  the 
developing  laboratory.  Thia  theaia  ia  the  report  of  the 
development  of  IS  2100  aa  firat  taught  during  Winter  1985. 


4 


TABLE  OF  CONTENTS 


I.  INTRODUCTION  -  7 

A.  COMPUTER  LITERACY  FOR  COMPUTER  SYSTEMS 

MANAGEMENT  STUDENTS  -  7 

B.  EXISTING  LABORATORY  FACILITIES  -  12 

II.  BACKGROUND  - 19 

A.  NECESSARY  SKILLS  -  19 

B.  EXISTING  COURSEWARE  -  22 

III.  WINTER  1985  IMPLEMENTATION  OF  IS  2100  25 

(  A.  COURSE  OBJECTIVES  -  25 

B.  ASSIGNMENTS  -  27 

C.  LESSONS  LEARNED  . 30 

I  IV.  RECOMMENDATIONS  AND  CONCLUSIONS  -  33 

LIST  OF  REFERENCES  - 37 

BIBLIOGRAPHY  -  38 

\  INITIAL  DISTRIBUTION  LIST  -  40 

I 


I 


I 

5 


LIST  OF  FIGURES 


1 .  Laboratory  Houra 


G 


I  •  IMIBQBUSXIQl! 


A.  COMPUTER  LITERACY  FOR  COMPUTER  SYSTEMS  MANAGEMENT 

STUDENTS 

In  19dO  it  waa  decided  that  the  Adainiatrative  Science 

Department  at  the  Naval  Poatgraduate  School  ahould  aupport 

a  microcomputer  laboratory  for  uae  by  atudenta  and  faculty 

for  research  and  general  uae.  It  waa  alao  envlaloned  that 

the  facility  could  be  uaed  to  aupport  an  Information  Syatema 

Laboratory  whoae  objective  would  be 

"to  develop  computer  literacy  early  in  the  Computer 
Syatema  atudent'a  program  and  to  reinforce  lecture 
material  in  IS  2000.  Studenta  will  perform  elementary 
laboratory  aaaignmenta  involving  uae  of  microcomputer 
ayatema  for  digital  logic;  hardware  architecture; 
machine,  aaaembly,  and  high  order  language  programming; 
and  application  packagea  auch  aa  databaae  management  and 
word  proceaaing .  CRef .  Ij 

Computer  literacy  haa  become  one  of  the  buzz  words  in 
aociety  today.  Aa  the  computer  injects  itself  more  into  our 
lives,  our  jobs,  and  aociety  as  a  whole,  the  need  for 
everyone  to  obtain  some  form  of  computer  literacy  has  become 
an  accepted  norm.  Failure  to  learn  about  computers  and 
their  uae  will  leave  the  uninitiated  in  a  position  of  being 
functionally  illiterate,  without  the  skills  needed  to  exist 
in  an  "information  society." 

But  what  ia  computer  literacy?  Just  aa  everyone  has  hia 
own  opinion,  everyone  aeema  to  have  his  own  definition  of 
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computer  literacy,  even  experts  in  the  field  do  not  always 
agree.  Soae  of  the  sore  general  definitions  that  no  one  can 
dispute  are  the  ability  to  function  capably  in  a  computer 
oriented  society  and  whatever  a  person  needs  to  know  and  do 
with  computers  in  order  to  operate  and  function  competently 
in  an  information  based  society.  As  one  may  expect,  these 
definitions  include  the  entire  spectrum  of  skills  and 
knowledge  needed  by  different  individuals  in  different  jobs. 

The  justification  for  the  whole  computer  literacy 
movement  is  that  high-tech  jobs  require  high-tech  skills, 
but  the  majority  of  jobs  that  are  affected  by  computers 
require  a  level  of  expertise  that  could  be  acquired  in  a 
week  or  two  of  on  the  job  training  CRef  21 .  Host  computer 
literacy  courses  are  hardly  adequate  training  for  a  career 
as  a  computer  programmer  or  analyst.  The  instigators  of  the 
push  towards  computer  literacy  seem  to  be  hardware 
manuf ecturera  and  software  designers  who  have  found  an 
excellent  rallying  point  to  sell  their  products  and  ensure 
their  future.  But  how  many  home  computer  systems  are 
sitting  in  the  closet  after  only  a  couple  months  of  use? 

Computer  Systems  Management  students  are  not  in  the 
category  discussed  above.  To  function  in  their  future  jobs, 
computer  literacy  means  a  little  more  than  entering  data 
into  a  point  of  sale  terminal  or  playing  games  on  an  Atari. 
Computer  literacy  involves  an  awareness  and  understanding  of 
the  operational  and  analytical  aspects  of  computers. 
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including  th*ir  applications  and  liaitationa.  Thay  should 
ba  abla  to  dafina,  daaonatrata  and/or  discuss  how  coaputars 
ara  usad,  how  thay  do  thair  work,  how  to  uaa  thaa,  and  how 
thay  affact  aociaty  CRaf .  3] . 

Tha  Coaputar  Systaaa  Hanagaaant  curriculua  anhancaa  tha 
davelopaant  of  this  litaracy.  Survays  of  buainass  and 
industry  hava  shown  that  buainass  coursas  such  as 
accounting,  inforaation  systaas,  buainass  coaaunications, 
financial  aanagaaant,  principlas  of  aanagaaant,  alaaantary 
statistics,  principlas  of  aconoaics  and  organization  thaory 
ara  iaportant  in  baing  abla  to  function  in  businaaa  today 
[Raf .  4] .  Thaaa  araaa  ara  wall  raprasantad  in  tha  Coaputar 
Systaas  Hanagaaant  curriculua.  Tha  sana  aurvay  also  shows 
that  haavy  aaphasis  is  dasirad  in  tha  tachnical  araas  of 
systaas  analysis,  fils  procassing,  data  structuras,  databasa 
procassing,  aanagaaant  inforaation  systaas,  distributad 
procassing,  statistical  aathods  and  assaably  languaga 
prograaaing.  Although  thaaa  araas  ara  daalt  with  in  lass 
datail  by  tha  aanagar  as  coaparad  to  tha  tachnician,  a  basic 
undarstanding  is  assantial.  Tha  Coaputar  Systaas  Hanagaaant 
curriculua  covars  tha  aa3ority  of  thasa  adaquataly,  but 
unlaas  tha  studant  is  in  tha  Tactical  aaphasis  araa  or 
ovarloads  his/har  own  aaphasis  aras  with  coursas  such  as 
Digital  Logic  (EE  2810)  or  Coaputar  Architactura  CCS  3200), 
a  basic  undarstanding  of  coaputars  asy  ba  lacking.  Thasa 
coursas,  not  raquirad  of  aost  Coaputar  Systaas  Hanagaaant 
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atudants 


h*lp  provld*  momm  basic  undaratanding  of  coaputar 


logic,  architactura  and  organization  that  may  not  ba 
asaiailatad  whan  studying  tha  thaory  about  largar  aachinas 
and  systaas.  By  using  aicrocoaputars  and  thair  coaponants, 
thase  coursaa  help  tha  studant  coaprahand  and  usa  taraa 
about  aicrocoaputar  hardwara  and  softwara  that  will  stand 
thaa  in  good  staad  whan  rafarring  to  largar  systaas.  Thay 
davalop  a  battar  undaratanding  of  tha  oparational  schaaa  of 
a  coaputar,  laarning  thair  usas  and  liaitations.  Hands  on 
oparation  of  tha  hardwara  and  softwara  providas  axparianca 
that  aids  in  futura  salaction  of  hardwara  systaas  and 
applications. 

Using  aicrocoaputars  and  parsonal  coaputara  glvas 
studants  axparianca  and  davalops  coaputar  litaracy,  an  araa 
that  is  lacking  in  aany  of  today's  coaputar  systaa  or  data 
procassing  aanagar's  backgrounds.  With  tha  prolifaration  of 
parsonal  coaputars  that  hava  baan  brought  into  industry  and 
businasa  coaes  tha  problaaa  of  control  and  consolidation. 
Tha  coaputar  systaa  aanagar's  traditional  job  dascription  is 
challangad  as  ha/sha  trias  to  aanaga  tha  parsonal  coaputar 
ravolution.  Establ ishaant  of  support  groups,  coaaunication , 
and  tha  sharing  of  applications  batwaan  parsonal  coaputar 
usars  bacoaas  part  of  tha  job  of  a  coaputar  systaas  aanagar . 
Tha  aanagar  aust  ba  abla  to  solicit  and  undarstand 
evaluations  froa  axpariancad  usars,  provida  appl icatlons- 
oriantad  aducational  aatarlals,  dalagata  aaintananca 
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raaponaibiiitlea,  and  davalop  procaduraa  for  controllad 
accaaa  to  cantral  aainfraaa  ayataaa  CRaf.  5]. 

Coaputar  lltaracy  haa  bacoaa  tha  iaaua  it  ia  today 
bacauaa  of  tha  axploalon  of  alcrocoaputara .  Tha  word 
aicrocoaputar  in  itaalf  aaana  aany  thinga  to  aany  paopla. 
It  can  aaan  an  MOS  LSI  procaaaor,  a  aingla  chip  coaputar,  an 
8-bit  coaputar,  a  dadicatad  coaputar  or  a  aaall  coaputar. 
In  this  context  it  will  aaan  an  inaxpanaiva  or  paraonal 
coaputar.  Tha  driving  forca  bahind  tha  axploaion  of 
aicrocoaputar  tachnology  haa  baan  an  aconoaic  ona.  Today's 
aicroa  ara  aora  powarful  and  aasiar  to  uaa  raaulting  in  an 
axploaion  that  haa  davalopad  a  aulti-billion  dollar 
induatry . 

With  tha  idaa  that  aicrocoaputara  ara  important  to  tha 
coaputar  ayataaa  aanagar  a  litaracy  auat  ba  built  up  that 
includaa  them  too.  Four  diatinct  araaa  ahould  ba 
conaidarad.  First,  tha  ability  to  undarstand  growing 
aconoaic,  social  and  psychological  impact  of  aicrocoaputara. 
Tha  ability  to  aaka  uaa  of  idaaa  from  tha  world  of  coaputar 
programming  and  applications  to  intagrata  aicrocoaputara 
into  stratagias  for  information  ratriaval,  communication  and 
problaa  solving.  Tha  ability  to  uaa  a  variety  of  ayataaa  in 
personal,  academic  and  professional  contexts.  Finally,  the 
ability  to  control  and  program  microcomputers  to  achieve  a 
variety  of  personal,  academic  and  professional  goals. 
[Ref.  6] 
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III.  WINTER  1985  IMPLEMENTATION  OF  IS  2100 

A.  COURSE  OBJECTIVES 

IS  2100  was  implemantad  for  ths  first  time  during  the 
Winter  term  of  1985.  There  were  three  specific  objectives. 
The  first  was  to  provide  computer  literacy  in  various 
microcomputers  and  related  devices.  In  association  with 
that,  problem  logic  implementation  at  various  levels  of 
computer  architecture  and  relationships  between  these  levels 
was  to  be  shown.  The  final  objective  was  to  introduce  the 
student  to  the  capabilities  of  the  Administrative  Sciences 
Department  Instructional  Laboratory  as  a  facility  for 
obtaining  hands-on  experience  with  various  microcomputer 
hardware  and  software  and  the  availability  of  its  use  for 
independent  work  and  support  of  thesis  research. 

The  course  was  taught  by  Prof.  Schneidewind  with  the 
assistance  of  Instructor  Barry  Frew  and  the  author.  The 
course  was  structured  into  five  assignments,  to  be  completed 
at  two  week  intervals.  The  class  met  the  first  week  for 
lecture  and  explanation  of  the  lab  assignment  while  the 
second  week  was  left  open  for  questions  and  time  to  work  on 
the  lab.  Each  assignment  was  due  by  class  time  of  the  next 
lecture  session.  Grading  criteria  was  dividea  as  follows: 
30  percent  for  lab  assignments  (S  percent  per  assignment), 
10  percent  for  lab  performance  and  demonstration,  20 
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the  system 


powering  down,  and  booting  the  operating  system 
are  included.  A  cursory  look  at  the  CP/H  operating  system 
is  also  provided,  disk  drives,  files,  control  characters, 
built  in  commands,  and  utilities  are  introduced. 
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One  of  the  most  complete  tutorials  developed  was  one  for 
the  DD-1  Digi-Designer .  This  tutorial,  entitled  DD-1  Digi- 
Designer:  Logic  Circuit  Design  Methodologies,  reviews  binary 
mathematics,  logic  design  and  boolean  algebra,  Karnaugh 
maps,  and  flip-flops.  A  series  of  five  laboratory 
experiments  introduce  the  student  to  the  Digi-Designer  and 
reinforce  the  material  that  has  been  reviewed.  A  similar 
tutorial  was  developed  for  the  Heathkit  Digital  Logic 
Training  Device.  A  thorough  description  of  the  equipment  is 
followed  by  references  to  the  Heathkit  manual  for  a  series 
of  five  experiments  demonstrating  the  features  of  the 
equipment  in  a  fashion  similar  to  the  Digi-Designer. 

Another  extensive  tutorial  was  developed  for  the  Prompt 
80.  A  description  of  the  equipment  and  the  available 
functions  are  covered,  along  with  a  walk-through  of  an 
example  program.  An  introduction  to  assembly  language 
programming,  from  flow  charts  and  algorithms  through  machine 
coding,  is  described.  Advanced  concepts  of  debugging  and 
use  of  programmable  read  only  memories  (PROMs)  are 
introduced  briefly.  The  SDK-85  tutorial  was  developed  along 
the  same  lines  as  the  Prompt  80  text  but  is  not  as 
comprehensive,  giving  only  a  description  of  the  equipment 
and  its  functions. 

A  tutorial  was  also  developed  for  the  Heath  H-d9 
microcomputer  that  provides  a  brief  description  of  the 
computer  and  its  peripherals.  Instructions  on  powering  up 
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It  .'^ould  not  b*  th*  goal  o£  the  Adminiatrative  Sciencea 
Department  to  provide  in  depth  technical  education »  but  only 
to  introduce  microcoaputera  and  reinforce  concepta  and  ideaa 
taught  in  other  couraea  in  the  curriculum.  A  broad  approach 
to  microcomputer  devicea  and  ayatema  that  will  provide  the 
minimal  neceaaary  akilla  to  incorporate  microcomputera  into 
the  curriculum  ia  all  that  ia  needed. 

B.  EXISTING  COURSEWARE 

Through  the  efforta  of  Profeaaor  Schnaidewind  and  theaia 
atudenta  Milla,  Richarda,  and  Tilley,  a  aeriea  of  tutoriala 
haa  been  developed  to  aid  the  atudent  in  learning  about 
particular  piecaa  of  equipment  in  the  Adminiatrative 
Sciencea  laboratory.  In  moat  caaea  theae  tutoriala  are 
adaptationa  of  the  uaer'a  manuaia  and  reflect  the  author' a 
experience  with  the  equipment.  They  give  the  reader  a  baaic 
introduction  to  aome  of  the  theory  and  mechanica  of  the 
equipment.  The  tutoriala  are  generally  more  *'uaer  friendly" 
than  the  technical  material  from  which  they  were  derived  and 
an  attempt  waa  made  to  provide  aome  uniformity  in  text  style 
for  inatructional  material  that  waa  to  cover  a  wide  range  of 
equipment.  No  attempt  waa  made  to  replace  the  uaer'a 
manuaia  and  guidea;  the  effort  waa  aolely  to  give  the  novice 
an  eaaier  atarting  point,  rather  than  having  him  delve  into 
equipment  documentation. 
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proc««alng  aanagar.  It  is  svidsnt  from  thsss  studies  that 
corporate  sanagers  expect  the  data  processing  manager  to 
manage  the  growth  of  personal  computers.  From  studies  in  IS 
4182  it  is  apparent  that  the  uncontrolled  growth  of  personal 
computers  in  an  organization  is  unhealthy;  they  threaten 
the  continuity  and  security  of  an  organization  as  well  as 
the  effectiveness  of  the  data  processing  manager. 

Mills.  Richards,  and  Tilley  (Ref.  9]  discussed  at  length 
the  need  for  communication  between  the  non-EDP  business 
manager  or  executive  and  the  computer  scientist  and 
programming  staffs.  They  stated  that  the  role  of  the 
information  specialist  should  be  to  bridge  the  gap  between 
these  two  diverse  areas.  They  also  discussed  the 
Association  for  Computing  Machinery  (ACM)  guidelines  that 
delineate  technical  expertise  of  the  Information  Systems 
graduate  as  having  the  ability  to  develop  an  information 
systems  structure  for  organizations  and  to  design  and 
implement  applications. 

The  curriculum,  as  described,  supports  these  goals  to  a 
great  extent.  But  it  falls  short  in  the  area  of  how  off- 
the-shelf  personal  computers  are  being  used  in  a  variety  of 
ways  and  at  a  number  of  levels  in  business  and  industry 
today.  The  microcomputer  is  a  common  enough  tool  that  it 
should  be  covered  in  some  fashion  that  will  aide  the 
Computer  Systems  Management  student  in  adapting  to  new  roles 
as  a  bridge  between  managers  and  technical  personnel. 
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Softwar*  Oaaign  (CS  3020),  Coaputar  Coaaunicationa  and 
Natworka  (IS  3502) «  and  aalactad  aaphaala  araa  and  thasla 
work  ara  undartakan.  Tha  fifth  quartar  again  providaa  tima 
for  an  aaphasia  araa  couraa  and  thaaia  raaaarch  in  addition 
to  Financial  Hanagaaant  in  tha  Araad  Forcaa  (MN  4151)  and 
Applicationa  of  Oatabaaa  Syataaa  (IS  4183) .  Tha  Coaputar 
Syataaa  Hanagaaant  atudant'a  aixth*  and  laat»  quartar  ia  a 
capatona  quartar.  Caaa  atudiaa  and  analysis  ara  tha  aaat  of 
Information  Syataaa  Hanagaaant  (IS  4182)  and  Syataaa 
Analysis  and  Oaaign  (IS  4200).  Again,  tiaa  ia  allotad  for  an 
aaphasia  araa  couraa  and  thaaia  raaaarch. 

With  tha  background  diacuaaad  abova  tha  atudant  ahould 
ba  abla  to  do  wall  in  aoat  futura  aaaignaants.  An  araa  that 
ia  not  covarad  wall  in  tha  normal  aaquanca,  and  may  prova  to 
ba  a  waak  araa  latar  on,  ia  tha  uaa  and  iaplaaantation  of 
aicrocoaputara.  In  tha  past,  aoat  studant'a  only  contact 
with  aicrocoaputara  has  baan  in  thair  databasa  couraa  (IS 
4183)  whara  thay  uaad  databasa  softwara  on  aicrocoaputara  to 
daaign  a  saall  databasa  projact.  Hany  studanta  had  had  no 
pravious  aicrocoaputar  axparianca  and  wara  tharafora  at  a 
disadvantaga . 

Anothar  couraa  that  discuasaa  usas  of  aicrocoaputara  and 
thair  intagration  into  tha  corporata  anvironaant  is  tha 
couraa  on  information  syataaa  aanagaaant  (IS  4182).  This 
couraa  is  a  sariaa  of  caaa  atudiaa,  many  of  which  discuss 
tha  uaa  of  aicrocoaputara  and  thair  impact  on  tha  data 
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11.  SASiSQSQyHD 


A.  NECESSARY  SKILLS 

Th«  CoBputar  Syataaa  Hanagaaant  atudant  coaplataa  a 
curriculum  that  ia  intardiaclplinary  in  natura.  To  bagin 
with  ,  tha  majority  of  atudanta  attand  a  rafraahar  aimad  at 
bringing  than  back  up  to  acadamic  apaad  aftar  what  nay  hava 
baan  many  yaara  ainca  laat  balng  a  atudant.  In  tha  paat,  a 
raviaw  of  caiculua,  a  couraa  in  logic,  and  inatruction  in 
tha  uaa  of  progrannabla  calculatora  haa  baan  takan.  During 
tha  atudant 'a  firat  official  quartar  couraaa  in  Structurad 
Programming  <CS  2610) ,  Introduction  to  Computar  Managamant 
(IS  2000),  Organizational  Syatama  (MN  3105),  and  Accounting 
<NN  21S5)  ara  takan.  Tha  aacond  quartar  continuaa  with 
Computing  Oavicaa  and  Syatama  (CS  3010),  AOP  Acquiaition 
(HN  3307),  Economica  (IS  3170),  and  Statiatica  (OS  3101). 
Tha  third  quartar  rounda  out  tha  baaic  couraaa,  giving  tha 
atudant  a  aolid  footing  for  advancad  couraaa  in  tha 
curriculum  to  includa  an  amphaaia  araa  and  thaaia  raaaarch. 
Tha  couraa  load  in  tha  third  quartar  conaiata  of  Oparating 
Syatama  (CS  3030),  Economica  of  Information  Syatama  (IS 
3171),  Oparationa  Raaaarch  (OS  3004),  and  an  amphaaia  araa 
couraa . 

Aa  tha  atudant  antara  tha  fourth  quartar,  much  of  tha 
work  ha  /aha  haa  dona  pravioualy  ia  put  to  uaa.  Couraaa  in 
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lnpl«a«nt*d.  Th«  808d  has  all  tha  ragiatara  of  tha  8080 
plua  aoaa  additional  onaa;  tha  ganaral  ragiatar  group  may 
ba  addraaaad  by  byta,  naaning  that  thay  may  ba  uaad  aa  16- 
bit  or  8-bit  ragiatara.  Tha  laboratory  Z-100  haa  448 
kilobytaa  of  aaaory  and  can  ba  run  undar  CP/M  uaing  tha  8085 
or  undar  Zanith  Diak  Oparating  Syataa  (ZDOS)  uaing  tha  8088. 
Tha  Z-100,  aa  iaplamantad  hara,  ia  a  low  prof i la  varaion 
with  CPUa  and  two  doubla  aidad,  doubla  danaity,  5.25  inch 
diak  drlvaa,  in  ona  cabinat  and  a  standard  80X25  CRT  in  a 
aaparata  cabinat.  Thara  ia  alao  a  132  column  Zanith  printer 
idantical  to  tha  H-89'a  Haath  H-25  printer  available  for  uaa 
with  thia  ayataa. 

Finally,  tha  laat  major  piece  of  equipment  in  tha 
laboratory  ia  tha  IBM  Paraonal  Computer  (PC) .  Thia  ayatam 
ia  aimilar  to  tha  Z-100  8088  ayatam  daacribad  above  in  that 
it  uaaa  an  Intel  8088  CPU  run  with  PC-DOS,  IBM' a  varaion  of 
Microsoft's  MS-DOS.  Tha  CPU  ia  housed  with  two  double 
sided,  doubla  density,  5.25  inch  diak  drives  and  haa  a 
aaparata  color  CRT.  An  IBM  80  column  dot  matrix  printer  is 
available  for  uaa  with  this  ayatam. 
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8080  ln«truction«  for  tho  Pronpt  80  and  SOK-aS.  Tha  Z80  haa 
an  architactura  that  cloaaly  followa  tha  8080  and, 
additionally,  haa  an  axtra  bank  of  raglatara  that  duplicata 
tha  ganaral  purpoaa  raglatara  raaultlng  In  tha  apaadlng  up 
of  many  appllcatlona.  Tha  ayataa  la  provldad  with  64 
kllobytaa  of  RAM,  an  amount  that  la  conaldarad  atandard  for 
praaant  S-blt  machinaa.  It  la  aat  up  to  run  with,  and  la 
auppllad  with,  tha  Digital  Raaaarch  CP/M  (Control 
Progran/Monltor )  oparating  ayatam,  a  dafacto  atandard  for 
alnllar  mlcroprocaaaora.  Tha  H-89  haa  a  alngla  Intarnal 
hard  aactorad  S.25  Inch  dlak  drlva  and  two  axtarnal  aoft 
aactorad  quad  danaity  06  tpl>  5.25  Inch  dlak  drlvaa.  An 
Intarnal  CRT  provldaa  a  atandard  80  charactar  by  25  llna 
dlaplay  and  tha  ayatam  la  connactad  to  a  Haath  H-25  132 
column  dot  matrix  prlntar. 

Tha  Zanlth  Z-100  la  a  naw  addition  to  tha  laboratory. 
It  haa  an  Intal  8065,  tha  anhancad  varalon  of  tha  8080,  and 
runa  tha  CP/M  oparating  ayataa;  ao  moat  any  work  daalgnad 
for  tha  H-89  can  alao  ba  run  on  tha  Z-100.  Aa  mantlonad 
pravloualy  tha  Z-100  alao  haa  a  16-bit  CPU  aa  a  co- 
procaaaor.  It  la  tha  Intal  8088.  Tha  8088  Inharltad  many  of 
tha  archltactural  faaturaa  of  tha  8080  ao,  again,  atudanta 
ahould  not  hava  a  difficult  tlma  tranaltlonlng  to  8088 
aaaambly  languaga  programming.  Dlract  compatibility  with 
tha  8080,  aa  with  tha  8085  and  tha  Z80,  waa  not  daairad. 


and 


tharafora. 


aoma  faaturaa  of  tha  8080  wara  not 


with  th«  8080A  whii«  offering  higher  intagratlon,  higher 
perforaance,  and  improved  ayatea  timing.  Memory  in  thia 
syatea  eonaiate  of  2  hilobytea  of  ROM  expandable  to  4 
kilobytea  uaed  by  the  monitor  ayatea  and  256  by  tea  of  RAM 
expandable  to  512  bytea  uaed  by  the  monitor  and  the  uaer. 
The  SOK-dS  haa  the  aaae  met  of  coaaanda  am  the  Prompt  80 
with  the  exception  of  the  acroll  regiater  diaplay  aa  it  doea 
not  have  one  and  there  ia  no  facility  for  backing  up  to  the 
previoua  entry.  There  ia  no  facility  for  PROM  programming 
or  any  of  the  other  functionm  found  on  the  Prompt  80. 
CRef.  8] 

The  final  group  of  equipment  that  the  Adminimtratlve 
Science  laboratory  haa  ia  a  variety  of  peraonal  computers 
which  include  a  Heath  H-89,  a  Zenith  Z-100,  and  an  IBM  PC. 
The  Heeth  represents  an  older  8>bit  machine  while  the 
Zenith  contains  a  more  modern  set  up  with  the  same  8-bit 
central  processor  and.  in  addition,  a  16-bit  processor.  The 
IBM  represents  the  present  Industry  standard  for  16-bit 
personal  computers. 

The  Heath  H-89  was  assembled  from  a  kit.  The  computer 
ia  based  on  the  Zilog  Z80  microprocessor.  a  replacement  for 
the  Intel  8080.  The  Z80  Includes  a  clock.  system 
controller,  and  some  additional  facilities  on  a  single  chip. 
It's  instruction  set  ia  upwards  compatible  with  the  8080. 
thia  makes  using  it  for  machine  and  assembly  language 
programming  a  little  eaaier  for  the  student  who  learned  the 


Th«  Int«l  Pronpt  80,  ia  a  complata,  low  coat,  fully 
aaaaablad  alcrocoaputar  that  haa  an  8080A  aicroprocaaaor ,  1 
kllobyta  of  randoa  accaaa  aaaory  for  monitor  and  uaar 
prograaa  and  up  to  4  kllobytaa  of  ROM  for  monitor  and  built 
in  functiona.  Theaa  built  in  functiona  include  reading  and 
writing  to  programmable  read  only  maaoriaa  (PROM),  paper 
tape  routinea,  hexadecimal  calculator,  and  varioua  memory 
move  and  aearch  routinea.  The  ayatema  monitor  drivea  theaa 
functiona  and  a  group  of  aimple  commanda  that  enable  the 
uaer  to  examine/modify  a  regiater,  diaplay/modif y  memory, 
move  to  the  next  or  pravioua  regiater  and  memory  location, 
execute  programa,  aingle  atep  programa  for  debugging,  and 
acroll  the  regiater  diaplay  group.  Commanda  are  entered  in 
a  relatively  natural  aequence  that  makea  the  machine  eaay  to 
uae.  Oiaplaya  conaiat  of  aeven  aegment  LED 'a  for  the 
command  function  group  and  the  regiater  diaplay  group,  and 
aingle  LED' a  for  each  bit  of  the  input  and  output  ragiatera. 
tRef.  73 

The  Intel  SDK-85  mlcroproceaaor  development  kit  ia  alao 
a  low  coat  microcomputer  that  haa  been  implemented  aa  a  kit. 
The  kite  have  been  aaaembled  by  Prof.  Schneidewind  but  aa 
they  are  not  encloaed  in  a  protective  came,  they  provide  the 
atudent  with  what  may  be  one  of  their  few  glimpaea  of  a 
circuit  board.  Thia  implementation  haa  the  Intel  80d5A 
central  proceaaor  unit  which  ia  an  enhanced  veraion  of  the 
8080A  found  in  the  Prompt  80.  It  ia  aoftware  compatible 
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Tha  laboratory  also  contains  aqulpaent  raprssanting  ths 
building  blocks  of  nicroprocassors,  c  jital  logic.  Tha 
Haathkit  Digital  Logic  Training  Davica  and  the  DD-1  Digi- 
Dasignar  by  E  &  L  Inatrusants  Inc.  can  be  used  to  teach 
students  digital  logic  fundamentals  and  give  th?m  "hands  on" 
axparianca  that  would  not  otherwise  be  possible  without 
their  taking  EE-2dlO.  These  units  include  necessary  power 
supplies,  selectable  frequency  clocks,  pulsars,  logic 
switches  for  applying  voltage  or  ground,  and  lanps/light 
emitting  diodes  for  outputs.  Equipment  accessories  include 
22  gmgm  wire  for  connectors.  Integrated  circuit 
implementations  of  a  variety  of  logic  gates  and  flip-flops. 
These  accessories  can  be  "breadboarded"  onto  the  Heathkit 
Digital  Logic  Training  Device  or  the  DD-1  Digi-Designer  to 
reinforce  lecture  material  that  is  presented  in  CS-3010  and 
reiterated  in  ZS-2100.  These  digital  logic  designers  and 
accessories  are  normally  stored  for  safe  keeping  and  are 
brought  out  as  needed  for  the  la.;oratory  sequence. 

The  next  category  of  equipment  consists  of  elementary 
single  board  microcomputers  for  development  of  a  basic 
understanding  of  microcomputer  architecture  and  machine 
language  programming.  The  Intel  Prompt  80  and  the  Intel 
SDK-dS  microprocessor  development  system  are  excellent 
machines  for  this  purpose  because  of  their  simplicity  and 
relative  mat  o£  use. 
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a  total  of  fiva  workatationa,  a  monitor  atation,  an 
Intagratad  work  atatlon,  and  thraa  application  work 
atatlona.  Equipnant  conaiata  of  high  raaolutlon  taralnala, 
kayboarda,  and  alactronlca  packagaa  baaad  on  tha  8086 
.4lcroprocaaaor .  Znput/output  Intarfacaa  conalat  of  RS-232 
connactlona  for  monitor  and  othar  intagratad  workatationa 
and  RS-422  connactlona  for  all  workatationa.  Maaa  atoraga 
configuration  conaiata  of  40  magabytaa  of  hard  diak  atoraga 
and  ona  8  inch  floppy  diak  driva.  Othar  paripharala 
provided  include  a  high  apaad  dot  matrix  printer,  a  latter 
quality  (daiay  wheal)  printer,  and  a  300/1200  baud  modem  for 
communicationa.  Tha  operating  ayatam  provided  ia  tha 
Convergent  Tachnologiaa  Operating  Syatam  (CTOS) .  Software 
provided  includea  BASIC,  FORTRAN,  COBOL,  Paacal,  Aaaembly 
Language,  and  general  word  proceaaing. 

New  uaer  orientationa  are  held  quarterly  by  the  current 
ayatema  manager,  normally  a  U.S.  Coaat  Guard  atudent.  The 
ayatam  ia  available  to  all  Naval  Poatgraduate  School 
atudenta  for  theaia  reaearch  and  general  uae.  Current 
loading  ia  moatly  Coaat  Guard  aa  the  ayatam  ia  pretty 
formidable  for  the  uninitiated.  Other  atudenta  uaually  have 
not  had  contact  with  a  ayatam  aimilar  to  thia  before  and 
will  probably  not  have  uae  for  it  in  the  future.  The  appeal 
of  the  ayatam  ia  therefore  limited  becauae  it  ia  not  uaed 
aignif icantly  by  the  Department  of  Defenae. 
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B.  EXISTING  LABORATORY  FACILITIES 


The  pr«««nt  Adalnlstr«t.iv«  Scl*nc«  alcrocoaputttr 
facilltlM  ar*  tha  culmination  of  an  affort  by  Profaasor 
Schnaldawind  and  thraa  atudanta  who  hava  dona  pravloua 
thaala  raaaarch  in  davaloping  tha  laboratory  aa  a  whola. 
Thaaa  atudanta,  Kannath  J.  Milla,  Jaaaa  M.  Richarda,  and 
Gian  F.  Tillay,  joinad  tha  projact  in  tha  Fall  of  1962. 
Thia  waa  wall  aftar  ita  incaption  by  Profaaaor  Schnaldawind, 
but  in  tina  to  hava  a  aignificant  input  into  tha  daaign 
bafora  conatruction  atartad  in  Saptambar  of  1982. 

Tha  Adminiatrativa  Scianca  microcoaputar  laboratory  ia 
locatad  on  tha  ground  floor  of  Ingaraoll  Hall  in  room  156. 
Tha  praaant  mat  up  haa  an  axtarior  room  and  an  intarior 
room,  both  of  which  ara  protactad  by  ciphar  locka. 

Tha  axtarior  room  ia  tha  largar  of  tha  two  and  ia 
occupied  by  a  Coaat  Guard  multi -uaar  microcomputer  ayatam. 
Although  thia  ayatam  waa  not  originally  planned  for  tha 
laboratory,  it  waa  included  whan  tha  ayatam  became  available 
through  an  offer  by  tha  Coaat  Guard.  Tha  ayatam  bacama 
operational  in  Novambar  1962  and  raquiraa  moat  of  tha 
workatation  apace  in  tha  axtarior  room.  Tha  ayatam  ia  uaad 
primarily  by  Coaat  Guard  atudanta  for  thaaia  raaaarch  and  to 
remain  currant  in  tha  uaa  of  a  ayatam  identical  to  thoaa 
found  at  moat  Coaat  Guard  facilitiaa. 

Tha  Coaat  Guard  ayatam  waa  developed  by  C3  Inc.  under 
licanaing  agraamant  with  Convergent  Tachnologiaa.  Thera  ara 
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percent  for  the  midtern  examination,  and  40  percent  for  the 
final  examination. 

An  extenaive  liat  of  reference  material  waa  liated  for 
the  courae.  The  Oigi -Oeaigner  tutorial.  Prompt  80  tutorial, 
and  H-89  tutorial  diacuaaed  in  chapter  2  were  loaned  to  each 
student.  In  addition,  Leventhal^a  8080A/d08§  Aaaembl^ 
LSQSySSfi  E£99£S!!&iQ3  a  copy  of  Intel 'a  8080/8085 
Instruction  Set  Reference  Tablea  were  provided.  Purchased 
texts  for  the  course  included  IBH^s  Parsonal  Compytss  and 
X&S  dill  QE^S  Quids*  Self  paced 
tutorials  for  the  IBM  PC  entitled  Exploring  the  IBM  PC,  DOS 
Hade  Eaay,  and  PC  Plus  were  provided  in  the  laboratory  on 
diskette  for  student  use. 

Because  of  a  lack  of  facilities  and  equipment,  and  to 
enable  more  knowledgeable  students  to  help  others,  the  lab 
assignments  were  designed  to  be  a  team  effort.  Only  one 
report  was  required  per  team.  Each  team  member  was 
responsible  for  demonstration  of  at  least  one  lab,  although 
each  group  received  identical  grades  for  written  work. 
Variation  in  performance  grades  was  possible  due  to 
individual  demonstrations  and  knowledge  of  the  assignment  as 
determined  by  the  instructors. 

The  five  assignments  were  designed  to  introduce  the 
student  to  different  levels  of  computer  architecture  while 
giving  them  hands-on  experience  at  each  of  those  levels. 
The  areas  covered  included  digital  logic,  machine  language 
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programming  on  alamantary  microcomputars,  asaambly  languaga 
programming  on  advancad  d-bit  and  16-bit  microcomputars,  and 
application  packagaa  on  16-bit  microcomputara .  Tha  broad 
goal  of  tha  saquanca  of  tha  aaaignmanta  baing  that  of  making 
tha  studant  literata  and  comfortabla  using  today's 
microcomputara . 

B.  ASSIGNMENTS 

The  first  assignment  was  based  on  digital  logic. 
Readings  for  this  assignment  consisted  of  tha  QD^l  QI9IZ 
Dasignarj.  QSSiSQ  Mathgdologjies,  a  tutorial 
described  in  chapter  2.  During  the  lecture  Boolean 
variables.  Boolean  functions,  and  truth  tables  were 
discussed.  Examples  of  truth  tables  specifying  all 
combinations  of  a  Boolean  function  and  tha  Sum  of  tha 
Products  representation  for  finding  tha  function  ware 
introduced.  Karnaugh  maps  were  than  used  to  simplify  the 
functions  without  resorting  to  Boolean  algebra.  Once  these 
basics  were  indarstood,  integrated  circuits  and  their  use  on 
tha  DO-1  Digi-Dasignar  for  solving  tha  lab  assignment  of 
Fault  Tolerant  logic  ware  described. 

Readings  for  assignment  two  were  from  tha  Prompt  80 
tutorial  and  Levanthal'a  §0808/8085  Afsembly  LSD9y999 
Er99£995iD9*  Topics  covered  ware  familiarization  with  tha 
Prompt  80  and  tha  8080/8085  instruction  sat.  Tha  specific 
objective  of  tha  lab  was  hardware  familiarization.  During 
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th«  isctura  portion  of  th«  lab,  spaclflc  Inatructiona  that 
could  ba  uaad  for  tha  lab  aaaignaant  wara  dascribad  and 
dlscuaaad.  Tha  concapt  of  uaar  intarrupta  was  covarad 
axtanaivaly  and  tha  procadura  for  prograaaing  and  dumping 
programmabla  raad  only  mamoriaa  warn  datailad.  Fault 
Toleranca  waa  again  uaad  aa  tha  axanpla  and  ita 
inplamantation  uaing  aoftwara  (a  machina  languaga  program) 
waa  axplainad. 

Aaaignaant  thraa  introducad  tha  IBM  PC  and  raading 
aaaignmanta  for  thia  lab  includad  topica  on  PC  DOS  and 
aaaamblara  from  IBH^a  Paraonal  Computar.  Objactivaa  for  tha 
lab  wara  to  damonatrata  tha  uaa  of  a  computar  for  aoftwara 
davalopmant  for  a  targat  computar  and  uaa  of  tha  PC  for 
diractly  aolving  tha  Fault  Tolaranca  problam  pravioualy 
damonatratad  in  hardwara  and  in  machina  languaga.  Ragiatar 
aquivalanta  batwaan  tha  8080  and  8086/8088  architacturaa 
warm  diacuaaad  bafora  idantifying  inatructiona  from  tha  8086 
inatruction  aat  that  could  ba  uaad  for  thia  lab.  Savaral 
copiaa  of  Tha  808§  Bogh  wara  providad  in  tha  lab  aa 
refaranca  matarial.  Aaaamblar  diractivaa  and  procaduraa 
naadad  for  inplamantation  of  thia  lab  wara  axplainad  in 
datail  ao  that  tha  atudant  would  not  hava  to  laarn  tha 
intricaciaa  of  tha  aaaamblar.  Procaduraa  for  making  tha 
atudanta  program  corractly  intarfaca  with  DOS  wara  alao 
datailad . 
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Laboratory  asaignaant  four  also  usad  tha  IBM  PC,  but  in 
this  casa  tha  studant  was  shown  how  to  usa  an  application 
packaga  on  tha  sicrocosputar  with  tha  ob3activa  of 
Introducing  tha  studant  to  aodarn  applications  for 
microcoaputars.  A  raprasantativa  databasa  packaga  was  usad 
with  an  autoaatad  systaa  for  kaaping  a  parsonal 
addrasa/phona  diractory.  Tha  oparations  of  tha  databasa 
wara  prasantad  in  anough  datsil  so  that  tha  studant  could 
aasily  usa  tha  systaa.  Additionally  tha  studant  was 
providad  with  a  coanand  suaasry  so  that  ha/aha  could 
aanipulata  tha  databasa  without  using  tha  diractory  systaa. 
Tha  lab  assignaant  includad  usa  of  tha  diractory  and  usa  of 
tha  databasa  diractly. 

Tha  fifth  and  final  lab  was  a  faailiarization  with  a 
raprasantativa  CP/N  systaa.  Raadings  for  this  assignaant 
includad  topics  on  aicrocoaputar  and  oparating  systaa 
davalopaant  and  usa  froa  Tha  0§borna/HcGraw  Hill  CP/M 
Guida.  Quastiona  about  diskattas  wara  covarad  as  wall  as 
quastions  on  filanaaa  axtansions.  Basic  oparating  systaa 
atructura  and  aaaory  organization  wara  dascribad.  CP/M 
built-in  and  transiant  coaaands  wara  covarad  in  ganaral  and 
utilitias  such  as  tha  Dynaaic  Dabugging  tool  (DDT)  naadad  to 
coaplata  tha  lab  wara  axplainad  in  datail.  Tha  lab 
assignaant  again  usad  tha  faailiar  Fault  Tolaranca  problaa 
and  raiaplaaantad  it  using  DDT. 
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C.  LESSONS  LEARNED 


As  with  ths  iapI«»«ntati.on  of  anything  nmw,  thmrm  war* 
problaaa  that  davalopad.  In  ganaral,  thara  axlatad  an 
attitudlnal  problaa  among  many  of  tha  atudanta.  Soaa 
atudanta  parcalvad  that  tha  couraa  warn  addad  with  no 
corraaponding  dacraaaa  in  othar  araaa.  Actually  a  couraa  in 
tha  uaa  of  tha  TI-59  calculator  had  baan  aliainatad  from  tha 
program.  Howavar,  soma  atudanta  fait  that  tha  couraa  was  an 
unnacaaaary  ovarload  and  a  burdan  on  thair  tima. 
Additionally,  aftar  tha  first  two  lab  pro^acta  wars 
complatad,  many  atudanta  fait  that  tha  ona  cradit  hour  that 
thay  racaivad  for  tha  two  hour  lab  did  not  warrant  tha 
effort  that  thay  ware  putting  in.  Although  tha  actual  lab 
axparimanta  ware  not  vary  complicated,  familiarization  with 
tha  equipment  or  software  required  a  significant  amount  of 
tima . 

Another  problem  was  an  aversion  to  learning  machine  and 
assembly  language  programming.  Soma  students  saamad  to  feel 
that  thay  ware  never  really  going  to  need  to  write  assembly 
language  programs  and  thought  that  having  to  do  thia  in  IS 
2100  was  a  futile  effort.  While  this  may  be  true  for  large 
computers,  recant  trends  show  that  thara  is  a  good  chance 
that  aosa  graduates  nay  have  to  write  or  review  assembly 
language  programs  for  mini  or  microcomputers  CRaf .  10] .  Tha 
idea  of  uaing  assembly  language  as  a  way  for  tha  student  to 
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becoma  awar*  of  what  happana  at  tha  machlna  laval  should  ba 


straasad  in  IS  2100. 

To  help  atudenta  gat  over  aose  of  these  phobias,  tha 
instructors  were  available  in  tha  laboratory  for  extended 
periods  of  time.  An  instructor  was  available  in  the  lab 
four  afternoons  par  week.  In  addition  instructors  ware  on 
call  at  moat  any  time  during  the  work  day.  With  the  wide 
variety  of  equipment  and  tha  disparity  in  experience  of  the 
atudenta,  it  was  important  to  have  an  instructor  available 
to  avoid  wasting  students'  time  in  overcoming  problems  which 
were  not  designed  to  be  part  of  the  lab  assignment.  The 
time  spent  by  the  author  in  the  Instructional  Lab  is 
documented  in  Figure  1.  This  assistance  was  provided  for 
three  hours,  two  afternoons  per  week.  In  addition 
assistance  was  given  on  an  as  needed  basis  for  some  of  the 
more  troublesome  assignments. 


TASK 

Lectures  attended  or  given 
Equipment  checkout 
Laboratory  preparation 
Scheduled  laboratory  availability 
Additional  availability  by  request 

TOTAL  HOURS 


HOURS  EXPENDED 
16 
15 
12 
54 
8 

105 


Figure  1.  Laborstory  Hours 
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Ona  ••••ion  of  aach  lactura  waa  attandad  by  tha  author.  Ha 
alao  attandad  tha  aacond  aaction'a  aaatlng,  aa  nacaaaary . 
Equipaant  chackout  conaiatad  of  anauring  oparability  of 
aquipaant  on  loan  to  tha  laboratory  and  troubla-ahooting  of 
tha  lab^a  H-S9  alcrocoaputar .  Each  lab  aaalgnaant  waa 
coaplatad  by  tha  author  prior  to  hia  achadulad  tiaa  In  tha 
laboratory . 


IV.  CONCLUSIONS  AND  RECOMMENDATIONS 


Mlcroconputera  and  thair  uae  are  important,  to  the 
Computer  Technology  atudent.  In  the  Computer  Syatema 
Management  curriculum,  there  were  no  required  couraea  in 
computer  architecture  or  microproceaaora  in  three  out  of 
four  emphaaia  areaa.  The  Computer  Center  and  Network 
Operationa  emphaaia  area  and  the  Deciaion  Support  Syatema 
emphaaia  area  offered  no  way  of  directly  obtaining  akilla  in 
thia  area  and  the  Information  and  Computer  Networka  emphaaia 
area  offered  a  courae  in  computer  organization  only  aa  a 
poaaible  elective.  The  Tactical  Syatema  emphaaia  area  waa 
the  only  option  that  required  a  courae  that  taught  neceaaary 
akilla  for  underatanding  microcomputera  and  gaining  the 
aaaociated  literacy. 

The  introduction  of  IS  2100  waa  a  needed  addition  to 
the  Computer  Syatema  Management  curriculum.  It  haa  at  leaat 
introduced  atudenta  to  concepta  involving  many  levela  of 
computer  architecture,  giving  them  a  place  to  start  in 
developing  new  akilla.  Ita  introduction  waa  not  without 
aome  conaternation  from  the  firat  group  of  atudenta  to  take 
the  course.  They  saw  it  aa  an  added  burden  and  were  not 
entirely  enthralled  by  having  to  work  with  the  variety  of 
machines  in  lower  level  languages. 


33 


As  th«  courss  prograssAd  most  students  sssmsd  to 
incrssss  thsir  understanding  of  microcomputers  and 
appreciated  the  course  a  little  more.  The  problem  at  this 
point  was  the  amount  of  time  and  effort  that  the  lab 
assignments  were  taking  relative  to  the  perceived  benefit  in 
credit  for  a  course  that  repreaented  only  one  of  eighteen 
hours  credit  for  the  quarter.  When  pressures  of  midterms 
and  finals  were  at  their  highest  the  attitudes  of  the 
students  towards  a  lower  credit  value  course  seemed  to  be 
most  negative. 

The  subject  of  attitude  towards  the  new  course  is 
similar  to  attitudes  towards  the  thesis  when  it  was  first 
introduced  to  the  curriculum.  The  first  group  of  students  to 
write  a  thesis  were  aware  that  there  had  been  no  previous 
requirement.  Consequently,  they  were  not  very  receptive  to 
the  idea.  As  IS  2100  is  taught  to  successive  sections  this 
feeling  should  tend  to  wear  off  just  as  it  has  with  the 
requirement  for  a  thesis.  Few  growing  pains  for  future 
students  and  the  smoothing  out  of  the  course  of  instruction 
will  lead  to  a  greatly  enhanced  attitude. 

As  far  as  facilities  are  concerned,  the  laboratory 
facilities  are  inadequate  with  respect  to  space  and 
availability  of  equipment.  The  lab  was  wall  developed,  but 
the  addition  of  the  Coast  Guard  system,  described  in  chapter 
1,  severely  limits  the  apace  for  other  equipment.  The  apace 
is  not  adequate  for  the  50  students  that  now  comprise  the 
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av«rag«  Conputar  Syataai  Hanagaaant  saction.  It  must  also  bs 
rsmasbarad  that  tha  lab  is  not  solaly  for  the  use  of  the  IS 
2100  student,  it  is  also  used  by  students  taking  Computer 
Communications  and  Networks  (CS  3502>  and  by  thesis 
students. 

When  possible,  the  Department  should  expand  the 
facility,  including  more  space  and  more  equipment. 
Additional  microcomputers  such  as  the  IBM  PC  and  the  Z-100 
would  make  the  lab  available  to  more  students,  while  making 
the  logistics  of  teaching  courses  much  easier.  Better  and 
larger  facilities  could  foster  more  interest  in  research  and 
thesis  work  in  this  area  as  well  as  taking  the  load  off  the 
main  campus  computer  at  times  during  tha  quarter  whan  this 
machine  is  saturated. 

Future  instructors  of  IS  2100  may  again  want  to  enlist 
the  help  of  students  to  assist  in  the  laboratory  as  part  of 
thesis  research  or  directed  study.  The  need  for  students  to 
have  immediate  access  to  assistance  is  apparent.  Interested 
students  with  the  proper  background  can  help  in  many  ways  to 
conserve  the  valuable  time  of  the  instructor. 

The  course  is  indeed  an  important  area  for  tha  Computer 
Systems  Management  student.  Tha  explosion  in  use  of 
microcomputers  makes  understanding  them  an  important  part  of 
tha  manager's  broad  responsibilities.  Literacy  in  this  area 
of  computer  management  is  as  important  as  that  of  any  other 
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MgMsnt  of  coaputor  aanagaaant,  and  la  crucial  In  the 
rapidly  growing  aicrocoaputar  aarkat. 


LIST  OF  REFERENCES 


1.  Naval  Poat.graduate  School,  Naval  E99&9E3duato  School 
Catalog,  Monteray,  California,  p.  99,  1984. 

2.  Nobla,  Oouglaa,  "The  Myth  of  Computer  Literacy,"  Harpara 
dSSSZine,  V.  269,  n.  1611,  p.  23,  Auguat  1984. 

3.  Bitter,  Gary  C. ,  "Computer  Literacy  Acroaa  the 
Curriculum:  A  Scope  and  Sequence  Model"  SIGCUE  Bulletin, 
V.  17,  n.  4,  p.  7,  Fall  1983. 

4.  Archer,  Clark  B.,  "What  Doea  Buaineaa  and  Induatry 
Expect  from  Computer  Science  Graduatea  Today?"  §£GQSE 
Bulletin,  v.  IS,  n.  1,  p.  83,  February  1983. 

5.  Vogt,  Eric  E. ,  "Managing  the  PC  Revolution", 

Q^tamation,  pp.  113-114,  IS  November  1984. 

6.  Bitter,  p.  7. 

7.  Intel  Corporation,  Intel J.ec  Prompt  80  Uaer^a  Manual, 
p.  1-S,  1976. 

8.  Intel  Corporation,  SDi<-8§  Sjratfm  Oeaign  yifiSlS 

Manual,  p  5-1,  1978. 

9.  Milla,  Kenneth  J.,  Richarda,  Jeaae  H.,  and  Tilley,  Glen 

Q21By^8E  §25^9!!*  ?!SQ939S9Q& 
iQl^EUB^isnal  taboratgry  at  the  Naval  Poatgradya^e 
School,  Maater'a  Theaia,  Naval  Postgraduate  School, 
Monterey,  California,  1983. 

10.  Silver,  Jamea  L.,  Jr.,  and  Leeper,  Robert  R.,  "Schemata 
for  teaching  Aaaembly  Language  Programming,"  SIGCSE 
Bylletig,  v.  15,  n.  1,  pp.  128-132,  February  1983. 


BIBLIOGRAPHY 


Alpart,  Seth  R.,  "Coaputar  Literacy,"  Q9fiCy^*£§  & 

22,  n.  3,  March  1984. 

Cain,  J.  T.,  "The  Coaputar  Science  and  Engineering  Core 
Curriculua,"  IEEE  Coapyter,  v.  10,  n.  12,  Deceaber  1977. 

Caah,  Jaaes  I.,  Jr.,  McFarlan,  F.  Warren,  and  McKenney, 
Jaaea  L.,  Q2z;e2£®te  Information  Syeteaa  Managaaent,  Richard 
D.  Irwin,  Inc.,  1983. 

Chua,  T.  S.,  and  HcCallua,  J.  C.,  "Uaing  Microcoaputers  in 
Coaputar  Education,"  SIGCSE  Bulletin,  v.  16,  n.  4,  Deceaber 
1984. 

Cook,  Robert  N.,  "A  Hardware  Couraa  for  a  Software 

Curriculua,"  SIGCSE  Bulletin,  v.  13,  n.  2,  June  1981. 

Crookes,  D.,  "Experience  With  Teaching  Asseably  Language," 

Septeaber  1983. 

Fletcher,  Williaa,  "The  Digital  Logic  Subject  Area,"  IEEE 
C29£uter,  v.  10,  n.  12,  Deceaber  1977. 

Garcia,  Oscar,  "Coaputar  Organization  and  Architecture  and 
the  Laboratory  Sequence,"  IEEE  Coaputar,  v.  10,  n.  12, 
Deceaber  1977. 

Gore,  Albert,  Jr.,  "The  Need  for  Training  and  Education  in 
the  Use  of  Coaputar  Technology,"  SIGCUE  Bulletin,  v.  17,  n. 
4,  Fail  1983. 

Higgenbottoa ,  T.  F.,  "Students  Aiding  Students,"  SIGCSE 
Bulletin,  V.  16,  n.  2,  June  1984. 

Kelsh,  Jaaes  P.,  and  Hansen,  John  C.,  "Personal  Coaputers  in 
the  Undergraduate  Curriculua:  An  Exaaple,"  SIGCSE  Bulletin, 
V.  14,  n.  3,  Septeaber  1982. 

Mackenzie,  Leonard  M.,  "Teaching  Old  Dogs  New  Tricks,  The 
Need  for  Adult  Coaputar  Literacy,"  Vital  Speeches  of  the 
Day,  V.  L,  n.  2,  1  Noveaber  1983. 


38 


I 


Muldar,  Hichaai  C.,  “A  Racoaaandad  Curriculum  in  Computar 
Scianca  and  Enginaaring , "  liiE  ^SSButgr,  v.  10,  n.  12, 

Dacambar  1977. 

Muldar,  Michaal  C.,  “Computar  Scianca  and  Enginaaring 
Education:  Introduction  and  Qvarviaw,"  IEEE  Computar,  v.  10, 
n.  12,  Dacambar  1977. 

Osgood,  Donna,  "A  Computar  on  Evary  Dask,"  Byta,  v.  9,  n.  6, 
Juna  1984. 

Radar,  Louis  T.,  “Computar  Litaracy,  Option  or  Imparative," 
Vital  Qi.  v.  XLVIll,  n.  17,  15  Juna  1982. 

Rhina,  David,  Passal,  David,  and  Saki,  Ghosh,  “Tha  Softwara 
Enginaaring  Subject  Area,"  IEEE  QQSSUtar,  v.  10,  n.  12, 

Dacambar  1977. 

Wakerly,  John,  and  HcCluskay,  Edward,  “Microcomputars  in  tha 
Computar  Enginaaring  Curriculum,**  IEEE  Compy^ar,  v.  10,  n. 
1,  January  1977. 

Weaver,  Alfred  C.,  “Design  of  a  Microcomputer  Laboratory  for 
Teaching  Computar  Science,*'  SIGCSE  Bullftin,  v.  13,  n.  1, 
February  1981. 

White,  Curt  M.,  "Tha  Use  of  Microcomputars  in  an  Applied 
Computar  Scianca  Program,"  SIGC§g 
February  1983. 

Woodson,  M.  I.  Chas.  E.,  “Computer  Litaracy  by  Computer," 
SIGCSE  Bulletin,  v.  14,  n.  1,  February  1982. 


39 


INITIAL  DISTRIBUTION  LIST 


No.  Copia 

1.  Defense  Technical  Information  Center  2 

Cameron  Station 

Alexandria,  Virginia  22314 

2.  Superintendent  2 

Attn:  Library,  Code  0142 

Naval  Postgraduate  School 
Monterey,  California  93943 

3.  Prof.  N.  F.  Schneidewind  1 

Code  S4Ss 

Naval  Postgraduate  School 
Monterey,  California  93943 

4.  LT  Barry  Frew  1 

Code  S4Fw 

Naval  Postgraduate  School 
Monterey,  California  93943 

5.  LT  Charles  S.  D.  Witten  1 

427  Harden  Street 

Columbia,  South  Carolina  29205 

6.  Computer  Technology  Programs  1 

Code  37 

Naval  Postgraduate  School 
Monterey,  California  93943 


40 


